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● Faster Development 
● Simpler Interface/usage 
● Interpreted language

○ Easy way to research algorithms
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Similarities Between 
C++ and Python
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Why Can’t We Just Use Python?
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So why can’t we just use Python
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❏ Interpreted Language

  ❏ Easier to make mistakes

❏ slow
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Let's Talk About Some Of The Problems
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❏ Flake 8
❏ MyPy 
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Some Solutions: Python is getting faster 
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Some Solutions: Importance Of Inner Mechanics   
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Some Solutions: can we get better?!  
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Some Solutions: what is Numpy  
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❏ Abstraction over contiguous multidimensional array
❏ Export easy to use API for many mathematical 

functions 
❏ Arrays are not dynamic 
❏ Core implementation is in C and C++ also all types 

are bound to the language
❏ Usually constructed for basic C++ types 
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Some Solutions: Why is Pure python better than Numpy  
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❏ We have an overhead
❏ Data was created as a pure python list 
❏ We need to copy the whole data to a ndarry
❏ Also data has to be copied from Python memory 

to C Memory space   
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Some Solutions: Takeaways  
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❏ Always use modules that already define the 
functionality you need 
(no need to write everything by yourself)

❏ Learn the Module you will use
❏ Use functionality as expected
❏ Don't abuse the nice API 
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                 More Open Source Modules 
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What is PyTorch  
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❏ Abstraction over contiguous multidimensional array 
(Sound familiar :))

❏ Abstraction over AI models and parts
❏ Easy way to mix and match to build new AI 

modules 
❏ Core Implementation in C++ AND CUDA
❏ Very easy to work with CPU and CUDA
❏ Easy way to train new AI models
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Examples: Matrix Calculation on CPU 
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Examples: Matrix Calculation on GPU
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Examples: Matrix Calculation on GPU (full round trip)
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Examples:  Simple Network 
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               Making Our Own Binding 
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Sometimes we need our own functionality
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CPython
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❏ The Python Interpreter
❏ One of the references and the most used one 
❏ its a C program that interprets the python 

programming language and runs it
❏ Maintains the internal state of the python program
❏ Everything is a PyObject
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CPython: Extension Model
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❏ CPython allows us to extend the language
❏ Provides Python.h file that contains the API
❏ Allows us to add hooks to be called from python
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Binding Tools
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Binding Tools
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There are many Binding tools , during this talk we would focus on 
❏ Static Binding from C++ to Python

❏ PyBind11
❏ Boost Python

❏ Dynamic Binding from Cpp to Python
❏ CPPyy

❏ Static Binding language from C++ to Python and from Python to 
C++
❏ Cython
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Binding Tools: PyBind11
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Binding Tools: PyBind11
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Binding Tools: Boost Python

Alex Dathskovsky | alex.dathskovsky@speedata.io | www.linkedin.com/in/alexdathskovsky

mailto:alex.dathskovsky@speedata.io
http://www.linkedin.com/in/alexdathskovsky


Binding Tools: Boost Python
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Binding Tools: What about classes?
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Binding Tools: What about classes?
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What About Performance
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Binding Packs: But (Performance)
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Platform Time (second) [10 million runs]

C++                                  0.0042   (4.24 mili)

Python 1.2206 (1220.60 mili)

CPython 1.1058 (1105.80 mili)

PyBind11                                   5.74263 (5742.63 mili)
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Binding Packs: But (Performance)
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We have  overheads
❏ The data needs to go back and forth from C++ object to PyObject
❏ Different Libraries use different methods

❏ PyBind11 allocates almost everything as smart pointers or 
vectors and it makes it a bit slower 

❏ Just like with CUDA we need to select the right parts to be 
optimised. 
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Binding For Better Performance
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❏ Make Batch functions (Hot areas of code)
❏ Use Bindings objects for C++ conversion (py::dict)
❏ Use built in optimised type bindings like (py::array_t<double>)
❏ Return values: important to understand the lifetime of the returned 

object
❏ Use smart pointers instead of regular pointers
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Binding Packs: Better Function for python run
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Binding Packs: But (Performance)
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Platform Time (second) [10 million runs, 15 values]

C++                                  0.0624   (62.4 mili)

PyBind11                                   1.64263 (1642.63 mili)
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Cython
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❏ PyBind11 and BoostPython are C++ language extensions 
❏ Can run only C++ code in python 

❏ Cython
❏ Rich language that looks like python
❏ More features and much more flexible
❏ We can run Python code from C++
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C++ -> Python
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Cython: It All Starts from CPP class
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Cython: PXD File
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Cython: PXD File
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Cython: PYX File
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Cython: Cythonization 
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Cython: Cythonization Cmake Version 
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Python -> C++
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Cython: Public Functions 
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Cython: C++ Init Python  
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Few Words About Exceptions
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Cython: Exceptions
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❏ We cannot propagate exceptions from python to C++ 
❏ It's easy to create a function in C++ that is invoked from cython 
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Dynamic Binding
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Dynamic Binding: Cppyy
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❏ PyBind11, BoostPython and Cython are static 
❏ need to be compiled into a module 

❏ Cppyy is dynamic binding
❏ write C++ directly into python
❏ supports CPython and PyPy  (much faster on PyPy)

❏ Easy to use functionality
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Dynamic Binding: Cppyy
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Dynamic Binding: Cppyy
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Platform Time (second) [10 million runs, 15 values]

C++                                  0.0042   (4.24 mili)

Cppyy                                   0.7243 (724.3 mili)
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Dynamic Binding: Cppyy
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❏ Uses Cling/ clang base interpreter for C++ 
❏ No pre install or compile 
❏ No need to duplicate STL
❏ Full support for templates 
❏ Full support of inheritance 
❏ Full support for callbacks and lambdas
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Cppyy : Examples
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Cppyy : Examples (including)
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Cppyy : Examples (Calling C++ Class Method)
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Cppyy : Examples (Cross Inheritance)

Alex Dathskovsky | alex.dathskovsky@speedata.io | www.linkedin.com/in/alexdathskovsky

mailto:alex.dathskovsky@speedata.io
http://www.linkedin.com/in/alexdathskovsky


Cppyy : Examples (Template Functions)
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Cppyy : Examples (Template Functions)
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Closing Notes
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Dynamic Binding: Cppyy
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❏ Use the right tools for your needs 
❏ Don't implement everything by yourself 

❏ Be “lazy” and use open source
❏ Try cythonizing pure python code to get performance

❏  If you have to write something by yourself 
❏ Be familiar with the rules of the binding pack your using 
❏ Understand how the transfer of data works
❏ Avoid dangling pointers 
❏ Be aware of Threading problems in Python
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